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The purpose of this analysis was to evaluate and at­
tempt to improve the efficiency of the blasting techniques 
currently being used at the Henderson Mine. This was accom­
plished by calculating the volume of rock broken along a 
portion of each blasthole, for several blasting patterns 
being practiced, and graphing the results vs. the spherical 
blastability coefficient for each blasthole. From the 
resulting graphs the optimum spherical blastability coeffi­
cient was estimated.
Blastability coefficients were sorted with relation to 
the explosives used. For each explosive used, and for 
different blast patterns the full range of effective blast­
ing efficiencies were defined indicating the most efficient 
and least efficient blasting for each category. Variabil­
ity within blasting patterns and degree of overshooting were 
established.
The optimum spherical blastability coefficient for the 
drift rounds was estimated to be 2.35 based on a signifi­
cantly larger data base than other blasting operations at 
Henderson. The lifters were analyzed separately from the 
rest of the drift round because a higher density explosive 
was used. The optimum spherical blastability coefficient
i i i
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for the lifters was 2.64.
An experimental test drift round was designed based on 
the optimum spherical blastability coefficient of 2.35 for 
drift rounds. The round was drilled at the Henderson Mine 
and shot one delay at a time so that the results of each 
shot could be studied. This study shows that the 11.0 ft. 
by 12.3 ft. drift round can be drilled and shot using only 
33 loaded holes instead of 38 loaded holes as is presently 
used. This results in a decrease in the number of blast- 
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There is no set way to drill a development drift round 
because of the number of variables encountered. Major 
factors in the design of an underground development drift 
round include the shape and size of the drill pattern, the 
number of holes, the length of holes, the spacing and burden 
of each hole, and the delay sequence. Another factor is 
the volume of explosive per foot of hole, which depends 
upon the explosive type and density, and the drillhole 
diameter. It is important to study results of previous 
rounds in relation to the rock properties and uniformity in 
order to improve blasting.
The drift rounds at the Henderson Mine have several 
components. Blast patterns are usually classified by the 
type of cut employed. They typically use a four hole burn 
cut with one deadman, or unloaded open hole. Four box cut 
holes or rakers are usually drilled at the corners of a 
square with the burn cut at the center. Next, reliever 
holes are positioned around the rakers. The relievers are 
the first holes where slabbing controls fragmentation. Trim 
holes form the outer perimeter along the back and ribs. 
They are placed to give the back and ribs the desired
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height and width. The lifters can be considered part of the 
trim holes although they perform the special function of 
moving the muck away from the face.
Underground development blasting is less efficient than 
surface bench blasting. The reason being that only a single 
free face initially exists. The objective of the burn cut 
is to use drilling rather than blasting to open up an addi­
tional free face. The burn cut is unique in that if it 
does not pull, the rest of the round will not pull. If the 
burn cut pulls, successive holes detonated by the appropri­
ate delays can then break to the cut, progressively improv­
ing the effectiveness and efficiency of the blast. It is 
also desirable to break as deep a round as possible in 
development blasting to achieve maximum advance. Cut blast­
ing demands near perfect directional drilling which is 
difficult to achieve, at the Henderson Mine and all other 
mines. If the burn cut holes deviate too much, they will 
keep the round from pulling to the full depth drilled.
The efficiency of the blasting techniques currently 
being used at the Henderson Mine have been evaluated in this 
study. It was assumed that the blasting patterns provided 
by Henderson were successful. It can be seen that each 
round is actually an experiment and that knowledge gained 
from past rounds can be used to improve future rounds.
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Blasting experience can be used to eliminate the least 
efficient holes in the drift round blasting patterns. Less 
efficient holes can either be eliminated or moved to a more 
efficient location to balance burdens within a round.
Variability within blast rounds has been investigated 
and the degree of overshooting has been estimated. The 
lifters appear to be particularly overloaded at the Hender­
son Mine. A few suggestions have been presented as to 




2.1 Spherical vs. Cylindrical Equivalent Charges
It was decided that spherical equivalent charges would 
be used to evaluate blasting efficiency because theoreti­
cally they more closely resemble actual blasting in prac­
tice. Cylindrical equivalent charges do not take into 
account the end effects of the explosive column which should 
be hemispherical. The explosive columns employed at the 
Henderson Mine are extremely cylindrical for all of the 
drift rounds studied. The explosive columns were analyzed 
using multiple spherical equivalent charges. The results, 
however, were the same as if cylindrical equivalent charges 
had been used.
One approach to simulating a column blast is to break up 
the column into a series of concentrated charges. If deto­
nation is initiated at the first element at the bottom of 
the hole, it will travel up the explosive column so that 
each succeeding element is detonated. (Figure 2.1). An 
additive effect will be produced if the detonation wave from 
earlier elements is allowed enough time to travel to the 
next element as it detonates. Superposition will occur from 
all the explosive elements increasing the magnitude of the
T-3878
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Figure 2.1 Schematic diagram of the explosion of a 
cylindrical charge in rock showing 
successive positions of the pressure-wave 
front 1, 2, 3, etc., and successive 
position of the detonation-wave front
1*, 2*, 3», etc.
(After Henrych, 1979, p. 221)
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stress wave as it progresses upward from the first element.
If det-cord is used to detonate the entire length of 
explosive in a blasthole, then it may be correct to assume 
that instantaneous detonation occurs. For a cylindrical 
charge that is detonated instantaneously, the stress wave 
will move out from the explosive on the surface of the 
expanding cylinder. Expansion of the stress wave is depend­
ent on the area of a cylinder, which varies as the radius. 
If a spherical charge is used, expansion of the stress wave 
would be dependent on the surface of an expanding sphere, 
which is a function of the radius squared. The distance to 
which fragments would be affected by stress would be greater 
adjacent to a cylindrical charge due to the smaller surface 
area of an expanding cylinder and, therefore, lower attenua­
tion of stress as compared to a concentrated spherical 
charge.
The length of a cylindrical charge can be divided into 
several adjacent smaller charges. Each of these smaller 
charges is a spherical equivalent charge lined up along the 
entire length of the explosive column. As the stress wave 
moves out from each concentrated mass of explosive into a 
sphere, the energy will be contained in a spherical shell. 
Since the spherical surface area is proportional to its 
radius squared, the geometrical expansion accounts for a
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large proportion of stress reduction with distance.
2.2 Crater Testing
Crater tests are useful for the design or redesign of 
blasting patterns. In situations where the optimum fragmen­
tation is being obtained, but variable conditions are en­
countered, or a different explosive is being used, or the 
geology changes along with rock density and strength, crater 
tests may indicate appropriate changes. Instead of making 
a guess at how to modify the blast pattern, small scale 
field tests can be made to estimate the effect of changes in 
spacing and burden. In cases where conditions remain rela­
tively constant previous blast patterns can be used as a 
guide for improving blasting efficiency.
A characteristic blasting curve can be produced for each 
combination of explosive and rock showing variations of the 
volume of broken rock, or crater volume, with depth of a 
concentrated charge. The maximum volume of rock is broken 
when the explosive is at the optimum depth. From an exten­
sive series of successful blast patterns with a wide varia­
tion in blasthole burden and spacing similar blasting curves 
were produced for the Henderson Mine.
A serious deficiency in crater testing is that rock 
fragmentation does not normally vary significantly with the
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weight of the concentrated charge. Crater tests are greatly 
influenced by the joint spacing, and will be affected by 
the size of the charge and the blasthole spacing. There­
fore, problems of oversize fragments cannot normally be 
solved with crater tests.
Crater testing should be used primarily for extrapolat­
ing from known conditions to a situation where one factor is 
different. All conditions at the Henderson Mine were held 
or assumed to be constant. Modifications to the spacing and 
burden were made based on the optimum spherical blastability 
coefficient calculated from the blasting patterns provided.
2.3 Attenuation
According to the theory (Hino 1956) of elastic waves 
produced by explosion, the peak pressure (PF) at distance 
(b) from the center of explosions may be assumed to be;
n
PF = PB(r/b)
where: n = attenuation factor
r = radius of equivalent spherical charge
b = distance to the free face (burden)
PB = borehole pressure
PF = pressure at the free face
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The practical value of (n) may be found by assuming 
that at the edge of a crater the component of the intensity 
of shock wave vertical to a free face is the same as the 
tensile strength of the rock. From this assumption we find 
that (n) can have a wide range of values.
n = 2.0 to 2.2 (Hino, 1956)
n = 1.5 to 3.0 (Ash, 1963)
n = 2.21 (Dick, 1972, I.C. 8560 USBM)
Based on the U.S.B.M. value of (n) by Dick, 1972, the 
burden (b), and the pressure at the free face (PF) were 
calculated for different powder column lengths. (Table 1). 
Variables held constant were the hole diameter of 4 1/2
inches, the 0.90 density of ANFO, and a borehole pressure of
300,000 psi. This results in a hole loading of 6.21 lbs/ft. 
The spherical equivalent charges were then determined 
from Figure 2.2.
For the maximum pressure at the free face the relation­
ship is such that the effective powder column length is 2/3
the burden. This relationship is assumed to hold true for
other hole sizes, explosive types, and borehole pressures. 
Different absolute pressures at the free face will, however, 
be produced for different blasting conditions.
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Table 1 Relationship Between 
of Powder Column
Burden and Effective Length
Length of Powder Actual lbs. Spherical Burden PF
Column (ft.) Powder Equ. lbs. (b) (psi)
5.0 31. 05 23.00 12 . 50 203
7.5 46. 58 31.70 13.75 209
9.0 55. 89 38. 00 14.50 212
10. 0 62 . 10 42 .20 15. 00 213
11. 0 68 .31 46. 50 15. 50 212
12.5 77.63 52 .80 16. 25 210
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Figure 2.2 Influence of Column Length on Theoretical 
Spherical Powder Performance 
(Coates and Bauer, 1970).
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2.4 Procedures and Calculations
Raw data from the blasting plans supplied by the Hen­
derson Mine had to be measured by hand in order to reduce 
the data to a usable form. The burden was assumed to be the 
shortest distance from the blasthole to the free face. The 
explosive had to break to the free face in order to be 
successful. The area that each blasthole had to pull was 
determined for each column of explosive, i.e. loaded blast­
hole. The effective powder column length was assumed to 
equal 2/3 burden which was then multiplied by the cross- 
sectional area to be broken to determine the volume of rock 
broken.
Once the burden had been determined for each blasthole 
of a particular round the following algorithm was used to 
calculate the spherical blastability coefficient for each 
blasthole.
2.4.1 The X Coordinate (Figure 2.2)
The X coordinate is normally found by taking the length 
of the powder column in feet, and dividing by the lbs. of 
powder per foot of blasthole. Since the blastholes were all 
extremely cylindrical with respect to the burden, this was 
done by taking sections along the explosive column equal to 
2/3 the burden. By using Figure 2.2 the spherical equiva-
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lent factor could be found on the Y axis. The spherical
equivalent charge was found by multiplying the spherical
equivalent factor by the actual lbs. of powder in the sec­
tion of the blasthole equal to 2/3 the burden.
2.4.2 Spherical Equivalent Charge
There are three possibilities for determining the 
equivalent spherical charge depending on what part of the 
curve the coordinates appear. If the X coordinate is less 
than or equal to 0.3, the charge is spherical. If the X
coordinate is greater than or equal to 1.0 and less than
1.6, the charge is cylindrical. X coordinates between 0.3 
and 1.0 are intermediate and fall on the curved part of 
Figure 2.2. If the X coordinate is greater than 1.6 another 
approach has to be taken because extrapolation is not possi­
ble.
2.4.3 Extremely Cylindrical Charges
If the initial X coordinate, Xi is much larger than 1.6 
another approach is taken. The actual lbs. of powder per 
foot of blasthole (for the section of hole equal to 2/3 
burden) is taken as Xe and tested again. If Xe is still 
larger than 1.6 the length of the spherical equivalent 
charge is 2/3 the burden.
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length of powder column (ft)Xi =--------------------------------
lbs powder/ft of blasthole
Xi Coordinate Spherical Equivalent Charge
If Xi < 0.3 Then 1.00 * Xi * (lbs/ft)"2
Step 1) If 0.3 < Xi < 1.0 Then F(Xi) * Xi * (lbs/ft) 2̂
If 1.0 < Xi < 1.6 Then 0.68 * Xi * (lbs/ft)"2
If Xi > 1.6 the charge was extremely cylindrical,
2/3 Burden
and Xe = ---------------------------
lbs powder/ft of blasthole
Xe Coordinate Spherical Equivalent Charge
If Xe < 0.3 Then 1.00 * Xe * (lbs/ft) 2̂
Step 2) If 0.3 < Xe < 1.0 Then F(Xe) * Xe * (lbs/ft)*2
If 1.0 < Xe < 1.6 Then 0.68 * Xe * (lbs/ft)"2
Step 3) If Xe > 1.6 Let Xe2 = Xe * (lbs/ft)*2
(2nd Try) And test Step 2 again for Xe2
Step 4) If Xe2 > 1.6 Then 0.68 * 2/3 burden * lbs/ft
(3rd Try)
(See Sample Calculations Appendix A).
2.4.4 Spherical Blastability Coefficient
Once the spherical equivalent charge was determined, 




Coefficient (Spherical Equivalent Charge)"1/3
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The spherical blastability coefficients for each blast­
hole were graphed vs. the volume of rock broken. The peak 
of the characteristic curve produced varied greatly for 
different blasting techniques and even between different 
drift rounds. The characteristic curve was used to esti­
mate the optimum spherical blastability coefficient from 




3.1 The Henderson Mine
The Henderson Mine is an underground panel-caving 
molybdenum mine located approximately 50 miles west of 
Denver in the mountains of central Colorado. The Henderson 
mine was designed for a large-scale, rubber-tired, continu­
ous panel-caving mining system. The ore body is divided 
into three main levels. The 8100 level is the top level and 
the current production level. The 7700 level is an interme­
diate level and is currently being developed into a new 
production level. The bottom or 7500 level is the rail 
haulage level.
3.2 Production Drifts and Crosscuts
3.2.1 Development Procedure
Ore is removed by means of drifts on 80 foot centers 
located on production levels driven across the ore body. 
Crosscuts are driven on 4 0 foot centers between production 
drifts. At the center of each crosscut a drawpoint is con­
structed so that ore can be collected from the caved area 
above. Crosscuts are driven at an angle of 45 degrees to 





Figure 3.1 New Z-Pattern Crosscuts (Doepken, 1982).
cently, they have been redesigned in a Z-pattern with both 
entries parallel to the principal horizontal stress. 
(Figure 3.1). This new configuration has been able to 
withstand the horizontal tectonic stresses better, and 
lessen weight damage to drawpoint entries.
3.2.2 Loading and Blasting Procedures
At the Henderson Mine 0.85 density ANFO Prill is pre­
mixed and pneumatically loaded into the blastholes from the 
back of lift-deck powder trucks. The majority of drift 
blasting is done with ANFO, but wet areas are blasted with 
1.25 inch diameter by 16 inch long stick powder. A bottom-
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prime detonating system utilizes standard, delay-period, 
nonelectric caps and 17-g boosters.
Each hole is blown clear of water or dust prior to 
loading. The powder loader hose is then inserted to within 
a few centimeters of the primer. Loading continues until 
the powder is felt or heard to flow out from the mouth of 
the hose. When the powder is packed around the primer the 
loading hose is withdrawn while being moved in and out, 
effectively packing explosive in the hole. The unloaded 
portion of the hole was ignored, along with bootlegs, and no 
stemming was used.
Rounds are loaded during a shift, tied into a central 
electric blasting circuit, and shot at shift change. All 
drift drilling is done with two and three boom jumbos 
equipped with 12 ft. drill steel. Jumbos drill the 1 7/8 
inch diameter blastholes, and the 3.0 inch diameter open cut 
hole in the drift sections.
3.2.3 Analysis of Drift Rounds
The drift rounds seemed to give the most consistent 
blast analysis results due to the fact that the data was 
obtained from twenty-three different drift round patterns 
using the same blasting technique. The quality of data was 
also the best from the drift rounds due to the fact that
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each blasthole from each round had a slightly different 
burden which contributed to the resulting data base 
unlike the results from the rings which all had the same 
burden due to the slabbing nature of the blasting technique.
The data collected from the drift rounds was also based 
on significantly more information than other blasting opera­
tions at the Henderson Mine. For instance, the exact load­
ing procedures were provided on section drawings with useful 
details such as the delays, collar lengths, and length and 
orientation of individual holes. It was assumed that the 
entire volume of the blasthole was filled to a specified 
length.
The only questionable information concerning the drift 
round data is the 0.95 specific gravity ANFO prill that was 
used. The density was tested in the past to be 0.95, howev­
er, 0.85 ANFO is currently being used on other operations at 
the mine including the 93A Bin, the V-Cut, and the ring 
shots. All the drift round calculations were consistently 
based on 0.95 ANFO.
3.2.4 Analysis of Lifters in Drift Rounds
The lifters were analyzed for rounds nine to twenty- 
three and seemed to give fairly good results because the 
data was obtained from different drift round patterns using
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the same blasting technique. The quality of data may be 
questionable, however, due to the fact that each hole was 
loaded with Ireco Gelamite 2 which has a higher specific 
gravity than ANFO but was pulling a smaller volume of rock. 
This would tend to indicate that the optimum spherical 
blastability coefficient was not found, and that the lifters 
are probably overshooting.
Since there was no way of telling how tightly packed 
the lifters were, it was assumed that a 14 ft long hole was 
loaded to 10.7 ft. and was decoupled from the sides of the 
hole. This is probably not how the lifters were actual­
ly shot. Usually, the holes are only 12 ft long. The 
holes are 1 7/8 inch diameter and the Gelamite 2 comes as 1 
1/4 inch diameter sausages and are tamped down to something 
less than their original 10.7 ft length. This probable 
loading would impact this study because the lbs of powder/ft 
of blasthole depends on how tightly the holes were tamped, 
and the spherical blastability coefficient is calculated 
from the lbs of powder/ft of blasthole.
3.3 Drawpoints
3.3.1 Development
The drawpoint bell and undercut are developed by long- 
holes drilled from undercut drifts located directly above
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each production drift. A bell is formed by blasting five 
rings of long-holes drilled radially outward from the under­
cut drifts. This is what initiates caving. The undercut 
drifts form the top of the major apex. The bell is located 
just above the drawpoint and allows ore to be extracted 
by LHD from the crosscuts. The cave line is advanced 
continuously to bring new drawpoints into production as old 
ones are exhausted.
When an undercut drift is completed, ring drilling for 
bell and undercut development begins. Holes inclined below 
the horizontal develop bells while those inclined upward 
develop the undercut. All long-holes drilled for drawpoint 
development are in a series of rings. The rings are spaced 
on 6.7 foot centers along the undercut drift. They are 
drilled two at a time, from undercut drifts above and on 
each side of the drawpoint. Six half-rings spanning 40 feet 
in each of two adjacent undercut drifts are required to 
develop each drawpoint. Two half-rings are shot with one 
pair of center line rings in the first bell shot. The 
second bell shot slabs an additional two half-rings into the 
opening created by the first bell shot. (Figure 3.2). Three 
minor rings drilled parallel to, and on either side of the 
other rings form minor apexes. (Figures 3.3 and 3.4).
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rubber-tired jumbos equipped with four foot long coupled 
drill steel. Jumbos drill 3.0 inch diameter long-holes up 
to 60 feet in length. Long-holes are drilled in a series of 
rings with hole inclinations set to maintain a six foot 
spacing between hole bottoms.
3.3.2 Bell and Undercut Blasting
Bell blasting is accomplished by loading and shooting 
blastholes in stages to allow muck to be removed and to 
provide room for swell from the next shot. Less than 50% of 
each long-hole is loaded with ANFO for the bell shots, 
since the bell and undercut long-holes are only different 
sections along the same hole.
The undercut sections must be reloaded to the fullest 
extent possible after the bell sections have been shot. The 
remaining section of hole is loaded to alternating five and 
ten foot collars. (Figures 3.5 to 3.7). Undercut blasting, 
which occurs at the cave line, is done in three ring incre­
ments. The upper rings are shot into fully developed bells 
to allow for swell. The undercut long-hole rings are 
primed, loaded, and shot using the same method as the bell 
long-holes.
Each hole is bottom primed with nonel and booster. A
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acts as the tie line. The tie lines are connected to a 25 
grain trunk line which is hooked into the central blasting 
circuit.
3.3.3 Slabbed Ring Shots (Figures 3.4 to 3.7)
The nature of the ring shots is such that they are 
designed to initiate caving. Since the detonation initiates 
a chain reaction allowing gravity to continue breaking rock 
after the shots are fired it is difficult to determine just 
where the explosives stopped breaking rock and gravity took 
over. Therefore, the effect of gravity may influence this 
method of analyzing the blasting efficiency making the ring 
shots look like they pull more than they actually do.
The ring shots are slabbed into a previously caved 
area. This method fixed the burden at 6.7 ft. for which a 
wide range of volumes of broken rock were calculated. 
Since it can be assumed that the ring shots pulled with a 
6.7 ft. burden, it is likely that the estimated spherical 
blastability coefficient was somewhat less than the optimum.
The 6.7 ft burden was selected based on experience at 
the Climax Mine. The most logical conclusion why other 
burdens were not chosen is that an increase in burden might 
cause fragmentation problems even if it did pull, and Hen­
derson was trying to avoid that problem.
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The quality of data collected from the rings is poor 
and will not be very useful in determining the true spheri­
cal blastability coefficient. One way to determine the 
optimum spherical blastability coefficient would be to space 
the rings out at different burdens and repeat this analysis.
3.3.4 V-Cut Development
V-cuts are developed by drilling a series of blasthole 
rings upward into the drawpoint from the underlying cross­
cuts. (Figure 3.8). They are necessary in order to remove 
rock prior to the 1st and 2nd Bell shots. This provides a 
free face for the Bell shots to break to and decreases the 
burden. Six half-rings consisting of five blastholes each 
are drilled at various inclinations upward to a maximum 
length of 22 feet.
3.3.5 Analysis of Bell Shots and V-Cuts
The data was analyzed separately for the 1st Bell Shot, 
2nd Bell Shot, and both V-Cut methods and produced generally 
good results. All use similar blasting techniques and the 
same 0.85 specific gravity ANFO. The 1st Bell Shot includes 
the lower sections of the north and south slot rings, and 
the center line ring. The 2nd Bell Shot consists only of 
the lower sections of the north and south bell rings.
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Figure 3.8 New Style V-Cut Pattern (Stewart, 1989).
It was questionable whether or not the outer holes in 
both V-Cut designs were going to pull to the desired depth 
or not. The outer holes in the new style V-Cut are oriented 
at an angles of 74 and 102 degrees from the horizontal, and 
appear to be shorter than necessary to pull the 2 0 ft. that 
is expected. (Figure 3.8). In addition, the lowest holes in
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the north and south slot rings nearly intersect the area of 
influence of the V-Cut. It appears that very little rock is 
being broken by the #0a and #la delay shots, and they could 
possibly be eliminated altogether. However, the #2 delay on 
the center line ring is forced to pull a very large volume 
of rock and would need to be moved down, along with all 
the other center line rings if the #0a and #la delay slot 
rings were eliminated. (Figure 3.9).
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Figure 3.9 Auxiliary View of Ring Section
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It may be possible to extend the length of the outer­
most V-Cut holes and orient them to vertical positions. The
centerline holes could be dropped down a few feet, thereby 
eliminating the #0a and #la delay holes of the north and 
south slot rings.
3.4 Ore Bins
3.4.1 Development of 93A Bin
Initially, a raise was bored at an angle of 76 degrees
to the horizontal. It was intended that 93A Bin would be
shot in four lifts from the bottom up using a slabbing 
method similar to Vertical Crater Retreat. (Figure 3.10). 
The back portion of the bin was drilled and shot prior to 
drilling the main part of the bin. The second shot on the 
first lift included four production holes at the west end of 
the bin from a depth of 70 feet below their collars to the 
bottom. The third to fifth shots, also on the first lift, 
included the perimeter holes up to 7 0 feet from the top of 
the bin. The sixth shot on the second lift pulled well. It 
included all holes from 50 feet to 70 feet below the top of 
the bin. The seventh shot on the third lift was planned as 
a 25 foot lift from 25 feet to 50 feet below the top of the 
bin. However, the seventh shot pulled to within about 15 






Figure 3.10 Section View of 93A Bin (Stewart, 1989).
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west end cratered the floor on the upper level and left 
broken muck at the top of the bin. A change in explosive 
type from 0.85 density ANFO to Tovex 800 with a density of 
1.20 was made after this lift cratered. The remainder of 
the bin was shot by hand mucking the "Cratered" muck into 
the bin and loading and shooting holes as they were exposed. 
(Figure 3.11).
3.4.2 Development of 34B Bin
A seven foot diameter slot raise was drilled for ap­
proximately eighty feet using a down hole hammer with 3 5/8 
inch bits. (Figure 3.12). A 10 inch diameter burn had been 
put in previously. After shooting the slot raise to within 
15 feet of breaking through, the outer two rings were 
drilled using the down hole hammer. The outer rings were 
blown out prior to being shot.
After checking the length of each hole the muck from 
the slot raise was removed so that the chute was open. The 
bottom of the inner ring was shot into the slot raise first, 
then the outer ring was shot in. Once the bottom of the 
holes was opened up, the outer ring was shot simultaneously 
on one delay in ten foot lifts. (Figure 3.13). The 18 ft. 
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£̂v»oMwxr £jetjtvm!reo C»étrm ̂ »wme%yzMd> /̂AtfM
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Figure 3.13 Plan view of 34B Bin Showing Delay Pattern 
(Strickland, 1982).
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3.4.3 Analysis of 93A Bin
The 93A Bin rounds seemed to give good results in spite 
of sketchy notes and a generally poor discription of loading 
and shooting procedures. The good quality of resulting data 
contributed to the data base primarily due to the change in 
explosive type and density while the burden and blasting 
technique remained the same.
ANFO with 0.85 specific gravity was used for the 1st 
to 7th shots, and changed to 1.2 0 specific gravity Tovex 8 00 
for the last lift after the previous lift cratered. It was 
unclear why Tovex 800 was used for the last lift. It has a 
higher specific gravity than ANFO but nearly the same volume 
of rock was to be pulled as the preceding lifts.
The Tovex 800 was loaded by splitting the 2.0 in dia. 
sausages and dropping them down the 3 5/8 inch diameter
perimeter holes, and the 4 3/8 in dia center holes. There­
fore, it was logical to assume that more explosive per foot 
of hole was loaded into the larger diameter hole. However, 
there was no way to determine how tightly packed the sau­
sages would become if loaded in this manner. A conservative 
assumption from the blasters notes indicated 1.63 lbs of 
powder per foot of hole. I assumed that 1.5 sticks would 
fit accross the 3 5/8 in hole, and that 2.0 sticks would fit 
in the 4 3/8 in hole. This assumption was supported by the
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blasters notes in some cases.
The data collected from the 93A Bin shots was also 
based on details that were provided on plan drawings such as 
the collar lengths, and length and orientation of individual 
holes. The delay pattern had to be recreated based on an 
estimate by Henderson engineers of the most logical se­
quence. No notes had been recorded as to the actual delay 
sequence used.
3.4.4 Analysis of 34B Bin
The data produced by the 34B Bin closely resembled the 
results from the drift rounds. A seven foot diameter slot 
raise was drilled and shot in 10 ft lifts from the bottom 
up using twelve 3 5/8 in dia holes. The inner and outer 
rings were then shot into the slot raise, each on simulta­
neous delays. The quality of data produced was low due to 
the simultaneous delay pattern which produced repetitive 
burdens in the blast pattern.
3.5 Data Reduction
The largest data base was collected for the drift 
rounds. Since the quality was very good due to the varia­
tion in spacings and burdens, it was decided that a more 
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Figure 3.14 Spherical Blastability Coefficients vs. Volume 
of Rock Broken For Drift Round Blasthole Data.
volume of rock broken with respect to the spherical blastab- 
lity coefficient results. (Figure 3.14).
The resulting data collected from each different mining 
method was graphed in order to estimate the optimum spheri­
cal blastability coefficients. The analysis of the data 
indicates a wide range of results. (Table 2). Both the 
quality and quantity of data is important if the results are 
to be the basis for designing a more efficient blasting 
pattern.
The slabbed ring shots had a lower quality of data due
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Table 2 Results of Analysis Based on Graphs (Appendix B)
Blasting Specific Explosive Opt. Sphere. Volume Broken
Method Gravity Type Blast. Coef. Rock (cu-ft.)
Drifting 0.95 ANFO Prill 2.35 15.00
Lifters 1.19 Gelamite 2 2 .64 7.72
Undercut 0.85 ANFO Prill 3.06 150.10
Slabbing 0.85 ANFO Prill 4.03 * 275.48
93A Bin 0.85 ANFO Prill 1.98 64 . 00
93A Bin 1.20 Tovex 800 3 . 59 74 . 55
34B Bin 0.87 Tovex 90 2.45 14 . 07




to the constant burden of 6.7 feet. Since the 1st and 2nd 
Bell Shots, and both V-Cut methods used similar blasting 
techniques, it was possible to evaluate them together, 
however, the conclusions are limited based on the results.
Two explosive types were used in the completion of 93A 
Bin. The blasting technique remained the same even though a 
different explosive was used on the last lift. The method 
that was actually used is in question and casts some doubt 
on the reliability of the results.
The 34B Bin was shot in a completely different way from 
93A Bin, and with different explosives. The results are 
based on extremely limited data due to constant spacings and 
burden. However, the technique closely resembles drift 





4.1 The Drift Round
The drift rounds at Henderson are composed of several 
components, all of which were examined. Burn cut holes, box 
cut holes or rakers, reliever holes, trim holes, and lifters 
were all studied in an attempt to understand the variations 
in blasting efficiency in the drift rounds. Since there is 
no set way to drill a round, the results of the previous 
rounds were used to evaluate the most efficient parts of the 
current drift round blasting. The most efficient drift 
round blasting was then used to design a more efficient test 
drift round. It was assumed that the drift round plans 
provided by the Henderson Mine were successful.
Results of the analysis indicated an optimum drift 
round spherical blastability coefficient of 2.35, with a 
maximum of 15 cubic feet of rock broken by the optimum 
spherical blastability coefficient. (Figure 3.14). These 
values occured at the peak of a blasting characteristic 
curve produced by plotting blasthole data from eight differ­
ent drift rounds. In order to be more conservative, a value 
of 2.25, slightly lower than the optimum, was taken to 
design the test drift round. This precaution was taken to
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assure that the round would be successful, since the accura­
cy of the highest points on the blasting characteristic 
curve was questionable.
4.1.1 Burn Cut and Box Holes
If the previous rounds did not always pull well, there 
is a good chance that substandard performance was due to 
deviations in parallelism and directional drilling of the 
burn cut. In order to be sure that this part of the round 
would pull, calculations were done to determine the amount 
of swell available. (Table 3) . Cut analysis was necessary 
in that if this part of the round failed to pull, the rest 
of the round would not pull.
The burn cut and box holes were taken directly from a 
previously successful round at the Henderson Mine and ana­
lyzed. (Figure 4.1). The amount of swell required was 
assumed to be 61% for broken granite (Caterpillar Perform­
ance Handbook, p. 740, 1987).
A four hole burn cut was used, with one 3 inch diameter 
deadman. All four of the loaded burn holes were 1 7/8 inch 
diameter and assumed to be on 6 inch centers from the dead­
man. The box holes were located at the apexes of a 3 ft. by 
3 ft. square with the burn cut centered in the square. This 
produced a burden of approximately 21 inches for all four
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Table 3 Amount of Swell Required vs. Calculated Amount of 
Swell Available For Burn Cut and Box Holes
Delay # # Holes Hole Burden % Swell % Swell
per Delay Type (in) Reg. Avail.
1 1 Burn 6. 00 61.0 72.8
2 1 Burn 6. 00 61.0 98.7
3 1 Burn 6. 00 61. 0 205.7
4 1 Burn 6. 00 61. 0 262 . 5
5 1 Box Hole 21. 00 61. 0 78 . 5
5 2 Box Hole 21. 00 61.0 39 . 3
6 1 Box Hole 21. 00 61. 0 180.8
6 2 Box Hole 21. 00 61. 0 141. 5
Based on Successful Henderson Mine Drift Round 
(Figure 4.1). See Calculations in Appendix C.
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If the first two box holes are shot simultaneously, 
there is some question as to whether or not the shot will 
pull. This is due to the fact that much less space is 
available for swell than what would normally be allowed or 
required to permit breakage. It appears that the success of 
this particular configuration depends partly on the impreci­
sion of the delays used. If the two identical delays deto­
nate at the same time there does not appear to be adequate 
space for swell, and the round stands a good chance of 
freezing.
In order to be more conservative, the test drift round 
box holes were designed at the apexes of a 2.5 by 2.5 foot 
square, and the first two box holes were planned to be shot 
on separate delays. This should guarantee that the two 
blastholes will not go off at the same time, potentially 
freezing the round.
4.1.2 Relievers
The relievers are the holes positioned around the burn 
cut and box holes. These are the first blastholes that the 
experimental results could be used to increase blasting 
efficiency. It is here that the greatest reduction in the 
number of blastholes and greatest improvement in efficiency
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is possible. A typical drift round at the Henderson Mine 
with the same dimensions has 14 relievers. (Figure 4.2). 
The near optimum test drift round requires only 9 relievers 
to pull the same ground. (Figure 4.3).
4.1.3 Trim Holes
Trim holes make up the outer perimeter of the round. 
They are placed to give the back and ribs the desired height 
and width. Lifters are actually part of the trim holes. 
There was no reduction in the number of trim holes or 
lifters in the new design. However, with the reduction in 
the number of relievers the trim holes are required to pull 
more rock, and should, therefore, be more efficient.
4.2 Redesigned Test Drift Round
The optimum spherical blastability coefficient has been 
estimated for the drift rounds. A more efficient blasting 
pattern was designed based on this. (Figure 4.3). This 
design utilizes a standard burn with one 3 inch diameter 
deadman, as is currently being used at the Henderson Mine. 
The total number of 1 7/8 in. diameter holes has been re­
duced from 3 8 to 33. The test round was to be loaded with 
ANFO Prill with the exception of the lifters which were to 
be loaded with Gelamite 2. This parallels standard Henderson
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SCALE 1.0 cm 1.0 ft
3 3 Holes @ 1 7/8 inch diameter 
1 Deadman @ 3.0 inch diameter 
Lifters: Gelamite 2
Other Holes : ANFO Prill
Figure 4.3 A More Efficient Test Drift Round Designed With 
Five Less Relievers Than the Typical Drift of 
Same Dimensions at the Henderson Mine.
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drift round explosive loading. The redesign indicates that 
potentially 13% fewer holes can pull the same amount of 
drift round rock at the Henderson Mine.
4.3 Distribution of the Charge
The maximum burden for a drift round blasthole at the 
Henderson Mine is about 3.0 feet. If the maximum effect of 
that blasthole is desired, the explosive should be well 
tamped for 3.0 feet above the intended bottom level, and for
1.0 foot of subdrilling below (Langefors and Kihlstrom, p 
83.). Tamping will effectively pack more powder per foot of 
blasthole into the lower part of the hole where it is need­
ed.
Blastholes at the Henderson Mine are loaded pneumati­
cally with ANFO Prill producing a relatively uniform explo­
sive column in each blasthole. This loading and blasting 
procedure does not allow for tamping at predetermined inter­
vals. However, the primer is located at the bottom of the 
hole, and has a higher density than the ANFO. This should 
produce the same effect as tamping a uniform explosive 
column below the intended bottom level, but the column 
charge will be uniform from the intended bottom level to the 
collar. The column charge in the rest of the hole will have 
no influence on the break at the bottom. Since the 3.0 foot
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length of hole from the bottom will be underloaded it is 
anticipated that the entire length of the hole will not 
pull. Bootlegs are anticipated to be at least 1.0 foot in 
length or equal to the length of subdrilling.
4.4 Experimental Procedure
The Henderson Mine agreed to drill and shoot the 
redesigned test drift round. A drill plan of the redesigned 
test drift face was provided to Henderson engineers and the 
drill crew.
Each delay was to be shot one at a time so that a 
photographic record can be made of the progress of the 
blasting. The affects of each blast (delay) was then 





5.1 Description of Test Drift Round
5.1.1 Location of Test Drift
The Henderson Mine is located approximately 50 miles 
west of Denver, Colorado. The Test Drift Round for this 
study was drilled out at the end of 551 drift on the 7755 
level of the mine at a depth of approximately 4230 feet. 
The mine coordinates are approximately 6075N and 5890E. 
(Figure 5.1).
5.1.2 Loading Procedure for the Test Drift Round
It was not possible to duplicate typical loading prac­
tice for the test drift round because of the time involved 
in shooting the round one delay at a time. Four 1 7/8 inch 
diameter holes were drilled for the burn cut around one 3.0 
inch diameter deadman as is typical for the Henderson Mine. 
(Figure 5.2). Each hole was loaded to close to the collar 
with ANFO Prill, following typical Henderson procedure.
5.1.3 Blasting Procedure for the Test Drift Round
The primer was placed at the bottom of the hole and 
wrapped with det-cord which ran the length of the hole.
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Figure 5.1 7755 Level Henderson Mine
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Figure 5.2 Burn Cut and Box Holes
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Safety fuse was used to initiate the det-cord. The use of 
det-cord to initiate the primers may have some influence on 
the blasting efficiency due to the extra energy.
5.1.4 Deviation of the Drill Hole Pattern
The Test Drift Round was drilled out following the de­
tailed plan provided. (Figure 5.3). All holes were inclined 
slightly upward to limit flyrock from damaging the ventila­
tion ducts and water pipes etc. when blasting. The distance 
between each drill hole was measured at the collar prior to 
loading. Unfortunately, some of the drill holes were not 
parallel and deviated towards the back of the round. The 
most critical example of this was in the burn cut. Another 
potential problem was the collar locations. The pattern was 
not followed closely enough when collars were marked off. 
The largest error in collar location measured 1.5 feet from 
where it was supposed to be. (Figure 5.4).
Based on the distances measured at the collars for the 
Test Drift Round an analysis was done to determine if 
enough swell was allowed in the burn cut and box holes as 
they were actually drilled. (Table 4). The only area of 
concern was the 2nd burn cut hole which appeared to allow 
slightly less swell than required.
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Blastholes Damaged by Previous Shots
Figure 5.4 Plan Showing Actual Distances Between Drill 
Hole Collars and the Order in Which 
Shots Were Fired.
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Table 4 Amount of Swell Required vs. Calculated Amount of 
Swell Available For Burn Cut and Box Holes For 
Test Drift Round.
Delay # # Holes Hole Burden % Swell % Swell
per Delay Type (in) Req. Avail.
1 1 Burn 6 . 00 61.0 72.8
2 1 Burn 8. 50 61.0 59.8
3 1 Burn 7 . 50 61. 0 199 . 8
4 1 Burn 8 . 00 61. 0 140 . 2
5 1 Box Hole 17 . 00 61. 0 163 . 3
6 1 Box Hole 16. 00 61. 0 347.5
7 2 Box Hole 16.50 61. 0 197.8
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5.2 Results of Blasting
After the burn cut was shot, it could be clearly seen 
that these holes deviated significantly towards the back of 
the round. Since the burn did not pull as well as expected, 
the rest of the round was in jeopardy at this point. The 
rock at the back of the blastholes was crushed, but was not 
thrown clear to make room for the rock from the next shot. 
The burn pulled approximately 9.0 to 10.5 feet along the
12.0 foot long holes. (Figures 5.5 to 5.8).
Four box holes were loaded and shot into the opening 
created by the burn cut. The first two box holes were shot 
one at a time. After the first box hole shot, one of the 
unloaded box holes was partially filled with broken rock 
along approximately half its length. (Figure 5.9) . The 
second box hole was shot alone. It was decided to shoot the 
last two box holes together in an attempt to save the 
crushed out hole. (Figures 5.10 & 5.11). Fortunately, the 
crushed box hole was blown clear of broken rock, and could 
be loaded to about three-fourths its length. Once the box 
holes pulled, the rest of the round pulled equally as well.
The problem of holes being crushed or destroyed by a 
previous shot would be avoided in a normal round because all 
holes would be loaded prior to blasting. The problem was 
due to not being able to load all the holes at the same
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Figure 5.5 Results of 1st Burn Cut Hole
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Figure 5.6 Results of 2nd Burn Cut Hole
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Figure 5.7 Results of 3rd Burn Cut Hole
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Figure 5.8 Results of 4th Burn Cut Hole
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Figure 5.9 Results of 1st Box Hole (5th Shot)
T-3878 67
Figure 5.10 Results of 2nd Box Hole (6th Shot)
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Figure 5.11 Results of 3rd and 4th Box Holes (7th Shot)
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time. Only the holes on each delay could be loaded at one 
time. The remaining empty holes were prone to blast damage.
The four relievers were shot together on one delay 
and pulled very well. It appeared that the farther away 
from the burn cut, the more efficient blasting became. In 
addition, some of the crushed rock left from previous shots 
was cleared out by successive shots. (Figure 5.12).
The nineth shot included three reliever holes, two in 
the back and one in the center of the round, one row of 
blastholes up from the lifters. The two holes in the back 
were drilled 5.0 ft. apart instead of the planned 3.5 ft. 
apart. The shot still pulled, leaving a buttress of rock 
extending approximately 6 inches down from the planned roof 
at the back of the round. (Figure 5.13). The overspacing of 
these two relievers in the roof may have damaged the wall 
rock contributing to overbreak by the first trim holes.
The tenth shot included the two low reliever holes to 
either side of the lower reliever from the previous shot, 
near the floor. Both pulled and moved some of the muck out 
of the opening, but were covered so that the quality of the 
blast was questionable. Also, the lower trim hole in the 
right rib was crushed out near the collar and could not be 
loaded as planned for the twelfth shot, probably due to this 
shot. (Figure 5.14).
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Figure 5.13 Results of the Next Three Relievers (9th Shot)
T-3878 72
F i g u r e  5.14 R e s u l t s Of T h e  La s t  T w o
(10th Shot)
B o t t o m  R e l i e v e r s
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Three trim holes along the left rib were shot together 
on the eleventh delay. They overbroke upwards to the next 
trim hole exposing half its length. In order to save this 
trim hole, the remaining intact length was loaded and shot 
on the same delay as its twin on the opposite rib, and the 
two trim holes below on the right rib. The lowest trim hole 
on the right rib could not be loaded because it had been 
destroyed by a previous, 9th, shot. All three and a half 
holes pulled and cleared the rock away from the upper ribs 
so that the last three trim holes in the back could pull. 
(Figures 5.15 & 5.16).
The three trim holes in the back pulled. However, the 
half loaded trim hole on the previous shot was not drilled 
at the specified location, and a buttress of rock remained 
in the upper left rib. This was probably due to the hole 
deviating 11 inches off the specified mark, (at the 
collar) and compounded by the fact that an earlier shot 
overbroke and damaged the hole. (Figure 5.17).
The lifters could not be drilled as specified due to 
the curvature of the floor of the drift. They had been 
drilled with less than 2.0 feet of burden at the collar. 
Since they were to be loaded with a higher density explo­
sive, and were expected to pull less than planned, it was 
decided not to return on the next shift to photograph the
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4
Figure 5.15 Results of Three Right Side Trim Holes Showing
Overbreak to Next Trim Hole Up
( 1 1 t h  S h o t )
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Figure 5.16 Results Of Three Left Side Trim Holes And Half
Of Damaged Right Upper Trim Hole 
(12th Shot)
Lower Left Trim Hole Crushed Out 
When 11th Shot Fired.
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F i g u r e  5.17 R e s u l t s  of Last T h r e e  T r i m  H o l e s  in Back






The optimum blastability coefficient for drift rounds 
at the Henderson Mine was estimated to be 2.35 based on the 
eight drift round drill hole patterns provided. The volume 
of rock broken was estimated from these drift round patterns 
for each blasthole and graphed vs. the spherical blastabili- 
ty coefficients to determine the optimum. A more efficient 
drift round blasting pattern, matching the optimum blast- 
ability coefficient, was designed for a 11.0 ft. by 12.3 ft. 
drift round based on the results of this analysis.
This study shows that the 11.0 ft. by 12.3 ft. drift 
round can be drilled and shot using only 33 loaded holes 
instead of the 38 loaded holes presently used. This results 
in a decrease in the number of blastholes that have to be 
drilled by approximately 13%. It also increases the effi­
ciency of the remaining blastholes, i.e. balances the burden 
on the slabbing parts of the drift round.
The five holes that were eliminated were all relievers 
which surround the box holes. The number of trim holes and 
lifters remained exactly the same. The burn cut and box hole 
configuration was taken from a successful drift round at the 
Henderson. It was modified slightly by decreasing the
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spacing and burden and using an extra delay to allow addi­
tional room for swell.
When shooting a round with a minimum number of holes it
is necessary that precise drilling be maintained. Devia­
tion must be controlled, especially between the burn cut and 
box holes which should be parallel from collar to toe. 
Deviation of holes in the test drift round resulted in 
bootlegs up to 3 0 inches long.
The maximum perpendicular distance between each drill 
hole is critical. Collar locations should not have errors
of 1.5 feet after marking the face. When a minimum number
of holes is being used accuracy is important, otherwise, the 
efficiency gained by estimating the optimum spacing and 
burden will be lost because of the failure to pull the full 
length of the round.
The most important part of the round is the burn cut. 
If these holes do not pull the expected depth, the remainder 
of the round may not be able to pull any deeper into the 
face. The burn cut holes deviated significantly towards the 
back of the test drift round. The amount of swell available 
for the 2nd burn cut hole was slightly less than that re­
quired to assure success of the round. This caused rock in 
the back of the blastholes to be crushed, but it was not 
thrown clear to make room for the next blast.
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Blast damage to unloaded holes was a significant prob­
lem in the test drift round. It actually occured three 
times. Two holes were crushed to varying degrees, and one 
hole was half exposed by overbreak. The overbreak may have 
been caused by the error in marking off the collar locations 
initially. If normal blasting practice is used, all the 
holes would be loaded at the same time, and this problem 
would be minimized. It would probably not occur at all.
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APPENDIX A
Sample Calculations of 
Spherical Blastability Coefficients
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Example Calculation 1 
Given:
The specific gravity of ANFO is 0.95.
The hole diameter is 1 7/8 inches.
The length of the hole is 14 ft.
The loaded length of the hole is 11.0 ft. 
For a burden measured to be 3.50 ft.
The average lbs. of powder/ft of blasthole:
?r(1.875) : (11.0)





Xi     12.32 > 1.6
0.893
(2/3)(3.50)




Xe2 = (2.61)(0.893): = 2.08 > 1.6
Spherical
Equivalent = (0.68)(2/3)(3.50)(0.893) = 1.42 Charge
Spherical 3.50
Blastability = ————------- = 3.11
Coefficient (1.42)"1/3
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Example Calculation 2 
Given:
The specific gravity of ANFO is 0.95.
The hole diameter is 1 7/8 inches.
The length of the hole is 14 ft.
The loaded length of the hole is 13.5 ft. 
For a burden measured to be 1.60 ft.
The average lbs. of powder/ft of blasthole:
7 T ( 1 .875)2 (13.5)
——————----- (62.4) (0.95)-----—----  1.096 lbs/ft(24)2 (14.0)
Step 1)
13 . 5





Intermediate Charge: 0.3 < Xe < 1.0
F (Xe) = 0.685 (From Figure 2.2)
SphericalEquivalent = (0.685)(0.97)(1 .096)2 = 0.798 
Charge
Spherical 1.60




Graphs of Spherical Blastability Coefficients vs 
Volume of Rock Broken for Each Blasthole, 
and for Different Blasting Techniques 
at the Henderson Mine
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Henderson 'Mine Blasting Project 
Drift Round Composite25.00 n
I 20.00
^  15.00
10.00 ^ o °  8
3 5.00
0.00
1.50 2.001.000.00 0.50 2.50 3.00Spherical Blasting Coefficient
Figure B . 1 Spherical Blastability Coefficients vs. Volume
of Rock Broken For Drift Round Blasthole Data.
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Henderson Mine Blasting Project Lifter Round Composite
20.00





0.00 2.801.60 1.80 2.00 2.20 2.40 2.60
Spherical Blasting Coefficient
Figure B. 2 Spherical Blastability Coefficients vs. Volume
of Rock Broken For Lifters in Drift Rounds.
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Henderson Mine Blasting Project Composite of All Bell and Ring Shots
300.00
250.00
New style V- Cut #2  
2—Boom Jumbo v—Cut 
Undercut Ring Shots 
Slabbed Ring Shots






0.50 1.50 2.00 2.50 3.00 3.50 4.00 4.501.00
Spherical Blasting Coefficient
Figure B.3 Spherical Blastability Coefficients vs. Volume
of Rock Broken For All Bell and Ring Shots.
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Henderson Mine Blasting Project 
93A Bin Rounds
100.00








cc0.000.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
Spherical Blasting Coefficient
Figure B.4 Spherical Blastability Coefficients vs. Volume
of Rock Broken For 93A Bin Blasthole Data.
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Spherical Blasting Coefficient
Figure B.5 Spherical Blastability Coefficients vs. Volume
of Rock Broken For 34B Bin Blasthole Data.
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APPENDIX C
Sample Calculations for 
Burn Cut and Box Hole Analysis
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Ideal Test Drift Round
Burn Cut Holes
Area open before 1st shot from deadman:
7t(3 .0)2 
———————— = 7.07 in̂
4
Area of solid rock:




  (100) = 72.8 %
9.71
Area open after 1st shot:
3.0 + 1.875 #(3.0)2 #(1.875)2
 ̂̂  ̂ Q ̂ mam ^ b  ̂ b  ̂  ̂ b  —  ^ b  ' 19» 5 4 1 ^
2 (4)(2) (4)(2)
Area of solid rock:
(1.875 + 6.0 + 0.9375 + 1.5) #(1.875)2 19.54  (6 .0)    ----
2 (4)(2) 2
= 19.79 in2
Percent swell available 
19. 54
----- (100) = 98.7 %
19 . 79
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Area open after 2nd shot:
#(1.875)2
19.79 + 19.54 + ———---- ———  = 40.71 in2
(4)(2)
Area of solid rock:





----- (100) = 205.7 %
19.79
Area open after 3rd Shot:
(6.0 + 6.0 + 1.875 + 1.875) #(1.875)2
  (6.0) + ---------------- + 19.54
2 (4)(2)
#(1.5)2
— ——————---  = 64.64 in2
2
Area of solid rock:
(6.0 + 6.0 + 1.875 + 0.9375)
----------------  (6.0) - 19.54 = 24.90 in'
2
Percent swell available: 
64 . 64




Area open after 4th shot:
(6.0 + 6.0 + 1.875)2 
2
Area of solid rock:




------(100) = 78.5 %  (100) = 39.3 %
122.58 245.16
(For one box hole) (For two box holes, simultaneously)
Area open after 1st box hole shot:
#(1.875)2
96.26 + 122.58 + ————————  = 221.60 in2
4
Area of solid rock:
(9.811 + 1.875)(1.768)(12.0) #(1.875)2




 —  (100) = 180.8 %
122.58
(For one box hole)
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Area open after 2nd box hole shot:
#(1.875)2
96.26 + 122.58 + 122.58 + ---------- — 346.94 in2
2
Area of solid rock:




 ——  (100) = 141.52 %245.16
(For last two box holes, simultaneously)
122.58 in2
